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Objective

• Develop more accurate spatial snow estimates 
using satellite data.

• Reconstruct SWE distribution using MODIS snow cover 
data and an energy balance model.

• Use multi-variate regression to interpolate SNOTEL & 
CoCoRaHS SWE based on topography & historical 
satellite data.

• Reanalysis and real time daily SWE products at 500-m 
resolution from 2000 – present.



SNOTEL SWE Interpolation

SNOTEL SWE
CoCoRaHS
Measurements

Independent Variables

Gridded SWE Prediction

DEM: slope, aspect, 
elevation, NW barrier 
difference, distance to 
ocean, others.
Historical Satellite-model 
derived SWE.

Dependent Variable



Study Areas & Data

Snowpack Metrics
• 450+ SNOTEL SWE sites
• 300+ CoCoRaHS sites

• MODIS-based SWE Reconstruction 
(Guan et al., 2013; Molotch et al., 
2009)

Independent Variables
• Elevation, slope, aspect, distance to 

ocean, barrier height, others.

• MODIS-based SWE Reconstruction



SWE Reconstruction model

daily snowmelt, cm

snow covered area

0         1.6        3.2
Cline et al., 1998a,b; Liston, 1999; Molotch et al., 
2004b; Molotch & Bales, 2005;2006; Durand et al., 
2007; Molotch, 2008.

- Model uses energy balance to 
recover amount of snow prior to 
melt.

- Requires adequate estimate of 
snowpack energy balance and 
satellite observed snow covered 
area.



Historical Colorado River Basin Snowpack



Correlation between SNOTEL SWE & Single 
Variables

April 1, 2010 - 2015



Real-time SWE for the Southern Rockies



Real-time SWE for the Southern Rockies



% of Average for the Southern Rockies



% of Average for the Southern Rockies



SWE by Watershed



SWE by Elevation & Watershed



SWE by Elevation & Watershed



SWE by Elevation & Watershed



SNODAS VS REGRESSION PRODUCT
4/19/19

SNODAS CU/JPL



SWE Difference w/ SNODAS

• Regression SWE is 
slightly greater in lower 
elevations

• Regression SWE was 
significantly lower in 
high elevation areas 
above treeline.

(SNODAS Minus Regression)



Expanding the Reach 
of Real Time SWE Products

 Conducted monthly 
reports in Water Year 
2018 - present.

 Reports delivered to 
543 distinct email 
addresses

 170 unique 
organizations

 Presented to 
stakeholders monthly 
during the snowmelt 
season at Colorado 
WATF (Water 
Availability Task Force) 
meetings

3 domains: 
Sierra Nevada,
Southern and 
Northern Rockies

Location map (left)
and Colorado Front
Range April 1,
2019 real time
SWE (middle) and
Ap;ril 1, 2019
percent of average
(right) from the
Southern Rockies
real time SWE
reporting.



Correlation w/ Full Natural Flow

• Regression-based 
estimates show greater 
correlation than 
SNODAS in 17 of 18 
watersheds.

• Regression-based 
estimates show greater 
correlation than Snow 
Pillows in 14 of 18 
watersheds.



Conclusions & Future Work
• Regression Spatial SWE estimates provide 

valuable information for augmenting point 
data and SNODAS.

• Products are presented monthly to the 
Colorado Water Availability Task Force.

• Approach can be applied in conjunction 
with airborne snow measurements in 
context of validation and / or temporal 
change analysis.
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Bias correction of SWE estimates with the 
NASA Airborne Snow Observatory SWE data

Yang, K., K. Musselman, K. Rittger & N. Molotch, University of CO 

Highlight:

• Generate accurate SWE maps
across the Sierra Nevada
Mountains in near real time to
support water supply decision-
making in California.

• How to use Airborne Snow
Observatory (ASO) SWE data in
selected basins to bias correct
SWE estimation over larger
areas?

• Start by validating the LRM SWE
by ASO SWE in the Upper
Tuolumne River Basin (TRB).

• Data is from the drought period,
2013 - 2015 and 2 post-drought
years (Figure 1).

• The LRM has estimated relatively
accurate SWE both in the Upper
Tuolumne River Basin and across
the entire Sierra.

• The bias-correction model largely
improves the LRM SWE estimates
in the Upper Tuolumne River
Basin.

• The same bias-correlation model
can be considered as a proof of
concept for other SWE products,
like SNODAS.

ESD Applied Sciences ̶ Water & Energy Cycle

Figure 1: Validation of the LRM SWE product against the ASO SWE product. During low SWE
period (2013-2015), LRM SWE shows higher PBIAS. Early snow melt season = positive PBIAS.
Late snow melt season = negative PBIAS.

Relevance:
• The next step is to extend the bias-correction model in time and space using

the LRM SWE estimates as proxy.

Figure 2: After bias-
correction the LRM SWE
is much closer to the ASO
SWE. ASO SWE (left) on
5/3/2013, LRM SWE for
the same date (middle)
and ASO bias-corrected
LRM SWE (right) for
5/3/2013.

Mean SWE:
198 mm

Mean SWE:
112 mm

Mean SWE:
196 mm



Contact Us

We are looking for new partners to tailor SWE reports 
for local needs.

Noah Molotch: noah.molotch@colorado.edu

University of Colorado at Boulder
Center for Water, Earth Science and Technology



Correlation of SWE & Independent Variables: 
With and Without  Reconstruction

Upper Colorado River Basin Domain, 2000 – 2011.



Jepsen et al., 2012 - WRR

Model Evaluation: Sierra and Rockies

Green Lakes Valley, CO RockiesTokopah, Sierra Nevada, CA


